Resident and cavity-nesting avian community is affected by amount but not age of white pine in central Ontario mature mixedwood forests We examined resident and cavity-nesting bird species abundances in winter and the breeding 3 season because some of these species may prefer old forest habitats for breeding. We counted 4 birds over 10 years in four mixedwood types: old pine, mature pine, mature non-pine, and 5 selection-harvested stands. We expected that old pine stands would be selected by some 6 species because of abundant snags and large trees for foraging. We assessed habitat use 7 among years, and changes following harvesting. Counts of nomadic species varied across years 8 but counts for others did not. Species used old and mature pine mixedwoods equally and more 9 than non-pine or harvested stands in winter and for breeding, but old stands were not 10 preferred. Important variables included percent pine and large tree density. Selection 11 harvesting benefitted yellow-bellied sapsuckers but reduced counts of black-capped chickadees 12 and brown creepers. Black-capped chickadees changed habitats between seasons and in some 13 years. Black-backed woodpeckers were most common in pine stands but abundant in 14 harvested stands for 2 years following cutting. Regardless of stand age, large (>40 cm) pines 15 provide important habitat for residents and cavity-nesters. 16 17
1988, Mosseler et al. 2003 , Blaser et al. 2012 . In eastern Canada, long-lived tree species, 24 including white pine (Pinus strobus) and red pine (P. resinosa), occur in the Great Lakes-St. 25
Lawrence forest type and the most southern parts of the boreal forest (Rowe 1972) . These pine 26 forests, in pure or mixedwoods with 30 to 80% pine by basal area, have been logged for 27 centuries, starting early in the 1600s for wooden ships and continuing until the present for 28 sawn wood (Aird 1985 , Wray 1986 ). This long history of pine logging, coupled with fire 29 suppression, which reduces the rate of natural regeneration (Carleton 2003) , has resulted in 30 only a few remaining fragmented primary old-growth pine forest stands and the loss of this 31 forest type over much of the region (Thompson et al. 2006 , Venier et al. 2014 . 32
The vast reductions of old growth pines, from pure and mixedwood stands in Ontario 33 has led to concerns about the distinct biodiversity that might be supported in these forests 34 (Welsh et al. 1992 , Venier et al. 2014 . In an earlier study, Kirk et al. (2012) assessed the value 35 of mature and old red pine and white pine mixedwood forests in Ontario as avian habitats and 36 found that age and size (diameter) of pine in these stands contributed to breeding habitat 37 selection by several species. They derived models implicating old growth conditions as 38 D r a f t 4 (Drapeau et al. 2000 , Thompson et al. 2014 . Hence, these species may be declining with the 45 loss of old-growth forest habitats (Venier et al. 2014 ). An important structure that is usually 46 more abundant in old growth than mature forests is snags (Smirnova et al. 2008 , Vaillancourt et 47 al. 2008 , which are important for roosting, feeding, and breeding by cavity nesters and many 48 resident species (Hejl et al. 2002 , Lemaitre and Villard 2003 , Poulin et al. 2008 , Straus et al. 49 2011 . Similarly, very large live trees, such as white pine and red pine, in old growth forests 50 provide a foraging resource for many avian species (Connor 1981, Weikel and Hayes 1999) . 51
Here, we build on the earlier work of Kirk et al. (2012) , with a study during an 11-year 52 period, to assess the importance of old pine mixedwood stands specifically for resident birds 53 and the non-resident cavity-nesters on an annual basis, in spring for breeding and over winter 54 for food and shelter. For the resident birds, individual fitness is affected by the quality of over-55 wintering habitats where they have to survive harsh winter conditions, as well as by the quality 56 of spring breeding habitats (Desrochers et al. 1988 , Straus et al. 2011 . We asked the following 57 five questions: 1.) does age of pine and amount of pine in a stand affect resident and cavity-58 nesting species habitat selection in spring and in winter for residents? We asked this question 59 because of the preference of forest managers to cut white and red pines before the old growth 60 stage. Our hypothesis was that old growth stands would have more snags and more large trees 61 than mature stands, and so should be more important to breeding birds and winter foraging 62 than stands without large pines (Flemming et al. 1999, Harestad and Keisker 1999, Nappi et al. 63 D r a f t and pine grosbeaks, might invade stands with a high density of pines during years with 67 abundant mast (Koenig and Knops 2001) . 3.) Based on differing responses of bird species to 68 selection harvesting (Gram et al. 2003 , Poulin et al. 2010 ), we assessed whether or not selection 69 harvesting for large pines would reduce the nesting density of cavity-nesting species. Finally, 70 with respect to inter-annual bird abundances and species composition, we asked two 71 questions. First, 4.) does winter abundance predict spring breeding density of resident species? 72
This question is of interest because of the potential for censusing indicator species in winter, 73 rather than during spring breeding. Several authors have noted differences in foraging 74 behaviours and habitat preferences between summer and winter for various resident species 75 (Kilham 1965 , Connor 1981 , Gow et al. 2013 and dissimilarity in seasonal habitat use has 76 management implications. Our last questions was 5.) does habitat selection vary within species 77 across years? Most avian studies are conducted over a much shorter term and so cannot 78 address this question of change in habitat use that may occur as a result of changes in 79 resources (e.g., food) among years. 80
81

Methods
83
Study area 84 D r a f t 6 pine mixedwoods in forest reserves. The topography was hilly and rough with frequent rock 89 outcrops and cliffs, surrounding numerous large lakes, and underlain by coarse glacial tills. 90
Winter temperatures were below -40 C for extended periods and summer temperatures rose to 91 near 35 C. Colder winters were common when the study began in 1995 but less cold winters 92 generally prevailed after 1998. We conducted our winter study from spring 1995 to 2005, with 93 no data collection in winter 1999-2000 because the main access road was not ploughed. We 94 sampled breeding birds in spring from 1999-2007. 95 We sampled forest stands in four types of mixedwoods, where pine ranged from 30 to 96 80% of the basal area: old growth pine (n = 6), mature pine (n = 7, n = 6 after 2003), mature 97 non-pine (80-120 yrs, with <20% basal area in pine) (n = 4), and selection-logged former pine 98 dominated stands (n = 4, n = 5 after 2003). Of the latter stands, we could only sample two in 99 winter (3 after 2003) and so these data were not used in analyses. Dominant deciduous species 100 were trembling aspen (Populus tremuloides), white birch (Betula papyrifera), and sugar maple 101 (Acer saccharum), with some yellow birch (B. alleghaniensis). Dominant conifers, other than 102 pines, were black spruce (Picea mariana), white spruce (P. glauca), and balsam fir (Abies 103 balsamea). The selection-harvested stands were logged primarily for large pines in the first 104 year of the study, with one or two pines/ha left as seed trees These four stands were the only 105 ones available on the study area. A mature pine stand was selection-logged in 2003 and so 106 changed type, and increased our sample of harvested stands to 5 for the last 4 years of summer 107 study. 108 D r a f t
Avian sampling 111
We censused birds in winter (January or February) and in spring (May to late June). 112
Most of the same stands/plots were used in many years but some could not be censused in all 113 years owing to impassible winter access. Regardless, our sample was a minimum of five plots 114 for all unmanaged stand types. For winter surveys, one fixed square 0.49 km 2 plot (700 x 700 115 m) was established in each stand, located 100 m from an edge or other stand type on all sides. 116
In summer, we used a smaller 0.25 km plot (500 x 500 m) that was centred within the winter 117
plot. 118
In winter, we sampled birds on four parallel transects 175 m apart and along the joining 119 lines between the long transects, which covered the entire plot such that no part of the plot 120 was more than 87 m from an observer. A single observer walked slowly along the transects, 121 stopping frequently and recording all birds seen or heard, including those flying over the plot. 122
Quiet 'pishing' was used in winter, if necessary, to draw already-detected birds to the observer 123 for identification. Time on plot varied among observers and plots, ranging from 2.5 to 3.5 hrs, 124 mostly owing to terrain differences on the plots. We censused two plots per day, after testing 125 results from six plots showed that the number and species of birds detected in the morning and 126 afternoon did not differ. Winter surveys were done during late January and early February, and 127 late February to early March. In the last several years of the study, we could only make one 128 winter trip and the late period was selected for the census. 129 D r a f t silence, three times at each station. There were nine stations on each plot, such that no point 133 on the plot was located more than 50 m from a playback station. We adjusted the volume of all 134 playback cassette player and speaker combinations so that we could hear the calls faintly at 50 135 m. Resident species (other than woodpeckers) were recorded when seen or heard 136 singing/calling at each listening station during the playback period and during an additional 5-137 min listening period after the playbacks, for an unlimited distance (Welsh 1995) . Spring plots 138 were only censused in mornings until 10:30 hrs. 139
In spring and winter, we used plot maps to aid in determining if a bird may have been 140 detected more than once, by mapping the approximate location when first heard and any 141 subsequent movements by the bird, and all obvious duplicates were only counted once. Plots 142
were not censused if the wind exceeded 20 kmh, or on days when it was snowing heavily or 143 raining. Plot surveys were discontinued if winds came up during the census and the plot was 144 re-started on another day. 145
Vegetation sampling 146
Stands were surveyed for tree (>10 cm dbh), small tree (<10 cm dbh, >3 m tall), snag 147 (dead tree), and shrub (<3 m tall) densities, heights, diameters, and species composition. 148 Woody vegetation data were collected systematically at 50 or 100 points per stand, depending 149 on variance after 50 points, 20 to 30 m apart along random transects across the entire stand, 150 using the point-distance technique of Batcheler (1975) . Stand basal area was determined by 151 multiplying stem density by the average diameter for each species and then summed. The 152 point-distance method corresponds well to values for basal area determined using standard 153 D r a f t forest inventory prism plots (Thompson et al. 2006) . The age of each stand and species was 154 taken from government forest resource inventory maps. 155
Cavity searches 156
In spring of each year, we searched two to four plots of each forest type to determine 157 the number of cavities present and to attempt to locate nests. Four observers walked parallel 158 lines a few metres apart, examining all trees on the plots for possible cavities. Cavities 159 accessible either by climbing or using a 4 m ladder were all examined. Cavities larger than 2 cm 160 and lower than 16 m were examined with a remote camera mounted on a telescoping pole. 161
Cavities located above 16 m could only be estimated, by using binoculars, as either nesting or 162 feeding, unless birds were seen using the hole. We recognize the inherent difficulties with 163 finding cavities (Harper et al. 2004 , Ouellet-Lapointe et al. 2012 ) and that cavities above 16 m 164 were likely overestimated as useable, although few cavities were above that height. 165
166
Treatment and analysis of data 167
Avian detections were linearly related to time on winter plots (r 2 = 0.55, P < 0.01), so we 168 first standardized census data by using the catch-per-unit-effort (CPUE) method to adjust each 169 plot count of birds to 3 hours sampling duration. For the years 1995-1998, two visits were 170 made in winter to sites, whereas for other years (1999) (2000) (2001) (2002) (2003) (2004) (2005) We created separate data matrices for the winter and spring bird data, and a separate 175 dataset with matched winter and spring plots for those species that occurred in both seasons. 176
The spring data were the number of birds of each species, with territorial individuals counted as 177 two and possibly unmated birds counted as an individual. We combined these counts to make 178 them equivalent to counts of birds done during the winter period, adjusted to plot size. We 179 pooled bird species into functional groups based on their cavity-use and residency status (see 180 Appendix 1). We calculated Simpson's diversity index individually for all sites. 181
182
Statistical analyses 183
Winter and spring data were analysed separately. For single species, functional groups, 184 nomads, and the Simpson's diversity index, we used generalized linear mixed models (GLMM) 185 to determine the importance of habitat characteristics on abundance and diversity. Abundance 186 of single species, pooled abundance for functional groups and Simpson's Diversity Index were 187 used separately as response variables and stand structural variables and year as predictors. For 188
Simpson's index, we used Box-Cox normality plots to determine the best power 189 transformations based on a Gaussian error family. For all of the other response variables, 190 which were count data, we used a Poisson error family with log-link. For all models, we 191 included year as a random factor to account for repeated measures because of possible 192 temporal autocorrelation, as our surveys were conducted at the same sites for 10 years. For each instance where the model-averaged stand type parameter estimates indicated 205 that there were significant differences among levels, post-hoc multiple comparison tests were 206
conducted on a GLMM model that included each of the variables that had 95% confidence 207 intervals that did not include 0 to determine where differences existed. Tukey's method was 208 used to adjust the confidence limits based on the number of tests conducted. 209
We used GLMMs to test for differences in the proportion of birds in particular stand 210 types between winter and spring census periods. Odds ratios were used as response variables 211 consisting of counts of each bird species within plots compared with the total number of birds 212 of the same species in all other plots from the same census season. A binomial family of errors 213 was used with a logit link. Stand type nested within year were designated as random factors to 214 pair similar stands within years and account for the repeated measures. We designated year as 215 a random effect and where season and stand type plus an interaction term were fixed effects. 216 A significant interaction or difference by season would indicate differences in proportion of 217 species within a particular stand type between seasons. To test for differences between winter 218 D r a f t and spring counts, we used counts for the 6 years for which we able to sample in both winter 219 and spring in the same year. 220
For species that were known to nest in snags, we used general additive model (GAM) 221 plots and GLMM models to test for non-linear relationships with snag density that might 222 indicate thresholds up to which snag density might be a limiting resource. If snag density was 223
limiting, but only up to a certain level, then we expected to observe significant curve 224 parameters using quadratic terms for snag density that indicated a hump-shaped relationship 225 peaking at intermediate snag densities, but not decreasing substantially at the high end of 226 values measured. Snag densities within stands were positively skewed and were transformed 227 to improve model performance. Box-Cox normality plots indicated the best power 228 transformation was -1 (inversion). Nesting season counts were used with weak cavity nesters, 229 black-capped chickadees, red-breasted nuthatches, and brown creepers. 230
To test for differences in habitat selection among years, we constructed GLM or GLMM 231 models that included species counts as the response, stand type as an explanatory variable, and 232 three different forms of year as explanatory variables. For each species that contained at least 233 100 observations across all years for a season, plus brown creepers, we compared three models 234 using AICc and calculated the Akaike weight for each: year as a random intercept, year as a 235 fixed intercept, and year as a fixed intercept plus an interaction with stand type. If the AICc 236 comparison indicated that the latter model was the most parsimonious, then we accepted this 237 as evidence for differences in habitat selection among years. 238
We examined generalized linear mixed models (GLMM) in the R-statistical package 239 
Avian species composition and abundance 248
The most common resident birds recorded in winter, totalled for the 11 years, in rank 249 order were: black-capped chickadee, red-breasted nuthatch, downy woodpecker, common 250 redpoll, and white-winged crossbill (Figures 1 and 2 , Appendix 2). In spring, the rank order of 251 the most common resident and/or cavity-nesting species was black-capped chickadee, red-252 breasted nuthatch, and downy woodpecker (Figures 3 and 4 , Appendix 3). White-winged 253 crossbills and pine siskins, while common in winter, were irruptive and rarely present in the 254 spring. We recorded 17 other resident species (total resident species = 22) although some, 255 such as three-toed woodpecker, were seldom seen. Among the migrant cavity-nesting species, 256 yellow-bellied sapsucker was the most abundant species (total cavity-nesting species = 9), 257 surpassing all other species in abundance for all stand types in most years. 258
There were no differences in the abundances of common species among years for either 259 season (Ps > 0.05), although numbers fluctuated considerably (Figures 1 to 4 
Stand variables 268
We found no difference in the mean number of snags/ha among the four stand types, 269 which within stand types ranged from 16.2+3.2 to 48.1+3.1/ha. There was a significantly lower 270 tree basal area in the selection logged stands (9.4+1.8 m 2 /ha) than in the other stand types (P < 271 0.001), where the basal areas did not differ (stand range 17.0+0.9 to 20.0+1.2 m 2 /ha). The 272 basal area of large trees (>40 cm) was the same in old and mature pine types (10.4 and 8.9 273 m 2 /ha, respectively) but significantly higher than in the non-pine mixedwoods (1.0 m 2 /ha) and 274 the selection harvested stands (2.2 m 2 /ha) (P < 0.001). Large tree density was correlated to 275 total tree basal area in the stand. Our pine stands varied in amount of pine from 30 to 84% of 276 the tree basal area, with significantly more pine in the two pine types than the other two stand 277 types (P < 0.001). 278
279
Stand variables influencing winter bird species abundance and composition 280
In winter, stand type was important for weak cavity excavators, residents, and for six 281 among 14 species, excluding ravens (Table 1) . Species richness was the same for all three stand 282 types. For those species with models implicating stand type as significant, mature and old 283 growth pine was used most by weak cavity excavators, residents, back-capped chickadee, red-284 D r a f t breasted nuthatch, and pine siskin (Table 2) . Old growth pine was not the most used type for 285 any group or species. Percent pine was a significant variable for residents, nomads, and four 286 species (but negative for boreal chickadee). Tree basal area was significant for weak cavity 287 excavators, residents, and six species (negative for pine siskin, black-backed woodpecker, and 288 pine grosbeak). Number of snags/ha had a negative effect for overall species richness, weak 289 cavity excavators, residents, and black-capped chickadee, and was positive for pine siskin, an 290 irruptive species in our area. 291
292
Stand variables influencing breeding cavity-nesting bird species composition and abundance 293
In the breeding season, stand type influenced the strong excavator guild, non-residents, 294
and six of the nine common breeding species (Table 3) , but none of those species preferred old 295 growth pine stands (Table 2) . Species composition did not differ among the four stand types. 296
Black-capped chickadee and brown creeper used harvested stands least and brown creepers 297 were most common in old and mature pine mixedwoods (Table 2) . Strong cavity excavators 298 preferred selection harvested stands, where we recorded the highest counts of yellow-bellied 299 sapsuckers (Figure 3 ). Percent pine was positively related to abundance in models for black-300 backed woodpecker and brown creeper and was negative for yellow-bellied sapsuckers. 301
Selection harvesting reduced stand use significantly by black-capped chickadee and brown 302 creeper. Stand basal area (or its correlate large trees) was important for weak cavity 303 excavators. Snags was positive for yellow-bellied sapsuckers, slightly negative for pileated 304 woodpeckers, but had no effect in models for any of the weak cavity excavators (Table 3) . We 305 D r a f t also tested subsets of snags in small (10-19 cm dbh) and large size (>20 cm dbh) classes in our 306 models but found the same non-effect. 307
In a post-hoc fashion, we tested the relationship between numbers of snags and 308 numbers of breeding birds of each species to determine if the number of snags might be so 309 numerous as not to limit breeding sites. We saw no relationship between the number of snags 310 and bird abundance for red-breasted nuthatches, from the GAM plots and polynomial GLMM 311 models. For brown creeper, we observed an inflection point at 20 snags/ha (P < 0.06) and for 312 black-capped chickadee there was a clear inflection point at 14 snags/ha (P < 0.04). 313
Selection harvesting had no effect on species richness and six of our nine breeding 314 species, a positive effect for two woodpeckers, and a negative effect on brown creeper and 315 black-capped chickadee (Table 2) . Although we observed low variance among years for 316 breeding cavity-nesting species, we noted a significant decline in the number of black-backed 317 woodpeckers breeding in our selection harvested stands in the third year after the stands had 318 been harvested (Figure 3 , z = 2.61, P < 0.01). Further, the number of black-backed 319 woodpeckers breeding in harvested stands was significantly higher than in all other stand types 320 for the first 2 years post-harvest, after which counts then declined to levels similar to those in 321 the other stands (z = 2.76, P < 0.01). 322
323
Nest sites 324 D r a f t sapsucker (18; 15 in live trees). Aspen used by small woodpeckers (n = 21) had a mean dbh of 328 33.5 cm, while pileated woodpeckers (n = 3) used larger aspen with a mean diameter of 53 cm, 329 all of which were in old growth stands. We found four nests in large diameter declining old 330 white pine, three of which were common flickers. For the weak cavity excavators, 10 of 12 331 nests were in snags (9 red-breasted nuthatch and 1 black-capped chickadee). 332
333
Abundance of resident birds in winter relative to spring 334
With the exception of black-capped chickadees and black-backed woodpeckers in 335 mature pine, abundances in winter did not differ from breeding counts in spring (Ps > 0.05). 336
Numbers of black-capped chickadees did not differ in old pine or non-pine mixedwoods, but 337 counts in mature pine were significantly higher in winter than in spring (P < 0.01). Therefore, 338 for most species, winter counts predicted the numbers of spring breeders. Counts in selection 339 harvested stands in winter were high by inspection, but the sample was insufficient to test. 340
341
Relative abundances of bird species within habitat types over 10 years 342
For spring breeding birds, no models with an interaction between stand type and year 343 were more parsimonious than models without an interaction, indicating that the relative 344 abundances among stand types did not change for any species over the 10 years of study ( Table  345 4). The result was the same for all species in winter, except for black-capped chickadees that 346 differed in relative abundances among stand types in some winters (Table 4) . 347 D r a f t Contrary to our expectation, old growth pine mixedwoods was not a preferred habitat 350 for any resident or cavity-nesting species, for breeding or over-wintering. No species selected 351 white pine/red pine mixedwood stands more than the non-pine mixedwood types for breeding 352 and old growth pine and mature pine mixedwoods had similar importance levels in all cases, in 353 either spring or winter. In winter, old pine stands were not used more by resident birds than 354 either mature pine or non-pine, depending on the species or group. Part of the reason for that 355 result may have been that old growth and the other forest types maintained similar numbers of 356 snags, and that the numbers of large trees in both pine age classes was also similar. The 357 amount of pine in the stands, however, was a significant positive variable for several species 358 and guilds, both for breeding and over-wintering, as also found by Kirk et al. (2012) . 359 Amount of pine, and large pines in particular, may have provided good foraging 360 substrates for many wintering birds, especially for residents as a guild, and white-winged 361 crossbills that were a common nomadic species. Connor (1981) observed an increase in 362 foraging on pines in winter by downy and hairy woodpeckers, and pileated woodpeckers are 363 well-known to seek carpenter ant galleries in old and mature pine trees (Lemaitre and Villard 364 2005). Brown creepers forage on large trees with deeply furrowed bark and red-breasted 365 nuthatches also prefer large trees for foraging (Weikel and Hayes 1999, Farris et al. 2010) . 366
Large trees support more arthropods, including eggs and larvae than smaller trees (Mariani and 367 Manuwal 1990, Farris et al. 2010 ) and mature and older white and red pines, with their deeply 368 furrowed bark, likely provided this resource in our area. Percent pine in a stand was also 369 important to white-winged crossbills although they did not favour pine stands and to pine 370 siskins that used pine stands more than non-pine stands; both latter species are well-known toD r a f t forage on pine seeds (Koenig and Knops 2001) . Total abundance of nomads did not, however, 372 vary among stand types and this may have been because the other abundant nomadic species, 373 common redpolls, feed mostly on seeds of deciduous species (Martin et al. 1951 , Kennard 374 1976 . Black-capped chickadees forage for insects on many tree and shrub species, often 375 favouring deciduous trees (Holmes and Robinson 1981 , Hill and Lien 1988 , Gayk and Lindsay 376 2012 , but also feed on mast. Black-capped chickadees preferred pine mixedwoods in the 377 winter possibly for both mast from pines and foraging resources on the deciduous component. 378
Our data indicated that resident birds do not distinguish between old growth and mature pine 379 stands but the presence of large pine trees (correlated to basal area in our models) was likely a 380 key foraging habitat for many resident species. 381
Pine was important for two species during the breeding season. For breeding black-382 backed woodpeckers, the importance of pine was probably related to foraging opportunities on 383 the several species of bark beetles (Scolytidae) that are associated with both red and white 384 pines in eastern North America (Rose and Lindquist 1984). Black-backed woodpeckers forage 385 preferentially on large conifer trees in old forests (Villard 1994 , Tremblay et al. 2009 , Nappi et 386 al. 2015 . Similarly, brown creepers forage for arthropods preferentially on large conifer trees 387 with rough bark, such as old pines, at all times of the year (Franzreb 1985 area, mature and old pine stands had an average of more than 228 trees/ha >30 cm, but our 391 non-pine mixedwoods that were used equally by brown creepers had a mean of 94 large 392 trees/ha. On the other hand, selection harvested stands, with significantly fewer brownD r a f t creepers, had only 64 large trees/ha. This would suggest that brown creepers in eastern 394 transition mixedwoods may need as few as 94 large trees/ha for breeding, somewhat less than 395 was required in New Brunswick. In our mixedwood forests, brown creepers may have required 396 fewer large trees than was suggested in New Brunswick because many of largest trees on our 397 study area exceeded 40 cm dbh providing a much greater foraging surface than a 30 cm tree. 398 Kirk et al. (2012) showed a 33% probability of occurrence of brown creepers with 62 stems/ha 399 of medium and large pines. Thresholds are of direct management interest because they enable 400 direction for key variables for planning. 401
Snags provide another important foraging and nesting substrate for residents and 402
woodpeckers (e.g., Kisiel 1972 , Lemaȋtre and Villard 2005 , Nappi et al. 2015 and so the lack of a 403 difference in snag density among our stand types could partly explain the similar use that we 404 observed for many species. Although less use is made of snags for nesting by woodpeckers 405 than live trees in general (Peck and James 1983, Tozer et al. 2011) , snags are used by some 406 woodpeckers to nest and by weak-cavity excavators (Harestad and Keisker 1988, Hejl et al. 407 2002) . For weak cavity excavators, the lack of a relationship between numbers of snags and 408 breeding pairs was unexpected because these species usually nest in dead trees, or under the 409 bark of dead trees in the case of brown creepers (Davis 1978) . Our data for red-breasted 410 nuthatch also indicated a preference for nesting in snags and the lone black-capped chickadee 411 nest that we found was in a small broken dead white birch stem. Some authors have also found 412 no correlation between breeding cavity nesters and snag or hole density (Waters et al. 1990 ,D r a f t breeding density and snags for any species but we did find evidence of a threshold for snags for 416 two of the three weak cavity excavator species tested. Elsewhere, Guenette and Villard (2005) 417 and Poulin et al. (2008) suggested that a threshold for occurrence and breeding of brown 418 creepers was about 56 snags/ha in New Brunswick substantially higher the value of 20/ha that 419 our data suggested. Their Atlantic forests were largely balsam fir and black spruce that we 420 suspect provided much lower quality nesting snags than pine mixedwoods. The characteristic 421 thick bark of pines hangs in sheets on dead trees for several years providing nesting cover 422 unlike the thin bark of balsam fir that provides little cover. As a result, more snags are likely 423 necessary in New Brunswick spruce-fir forests, than in our mixedwoods, to ensure sufficient 424 snag quality for nesting brown creepers. Tremblay et al. (2015) suggested that black-backed 425 woodpeckers would use stands with 200 snags/ha in boreal forests, which was about four to 426 five times more than occurred in any of our stands and yet this species nested in comparable 427 density in our forests. The latter comparisons for a snag thresholds between regional forest 428 types, similar to the comparison above for large trees, clearly shows that thresholds for specific 429 variables influencing species' life histories need to be developed independently for different 430 forest ecosystems. (Murphy and Lenhhausen 1998, Hobson and Schieck 1999) . In burned areas, increased 460 density of these woodpeckers is attributed to increased food resources of insects on and in fire-461 killed trees (Rota et al. 2015, Hannon and Drapeau 2005) . We suspect that selection logging, 462
which produces large amounts of residual wood left on the forest floor, piles of untransported 463 logs, and trees damaged from the logging operations, results in an increase in boring insects 464 similar to burning, and attracts black-backed woodpeckers from surrounding forests. 465
Nevertheless, burned and selection logged forests are only a temporary supply of high value 466 food patches that do not last much longer than 3 years (Hannon and Drapeau 2005, Nappi et al. 467 2009). Therefore, while burned and partly-logged forests may act as sources (Nappi et al. 2009) , 468 old and mature forests must act a as reservoirs for this species, where although breeding 469 densities are low, large numbers of birds exist across large landscapes making it important to 470 maintain large blocks of mature and older forests for black-backed woodpecker populations. 471
We were surprised that winter occurrence predicted spring breeding counts for five of 472 seven resident species because a winter population includes non-breeding birds and juveniles, 473 as well as adults from the previous spring. We are aware of only of two other studies that 474 compared winter to breeding densities of resident birds from an area with snow and cold 475 temperatures. Desrochers et al. (1999) found lower breeding densities of black-capped 476 chickadees than occurred in winter. In our area, black-caped chickadees appeared to use 477 mature pine in winter at higher densities than in summer, suggesting that these stands may be 478 important wintering habitats. Koivula and Schmiegelow (2007) found no correlation between 479 winter abundance and breeding season abundance of black-backed woodpeckers in unlogged 480 stands but comparable numbers in various logged stands, in Alberta. Our results were similar 481 D r a f t but only for the unmanaged mature pine stands, with no differences in either other stand types 482 from winter to summer. Similar to chickadees, this woodpecker species used mature pine 483 mixedwood stands in these transition forests as important wintering habitat. 484
Short-term data does not enable assessment of how communities may change over 485 time and most studies of breeding birds are conducted only over a short time of 2 or 3 seasons. 486
Our longer term data enabled us to assess inter-year variance of relative abundance by species 487 among habitats. The general lack of difference in abundances across years among our 488 unharvested stand types suggested stable community structure and habitat selection by all of 489 our resident and woodpecker breeding species, and for all residents except black-capped 490 chickadees. Kampichler et al. (2014) also detected long-term stable community structure 491 among most breeding birds using datasets from several different ecosystems that had little or 492 no anthropogenic disturbance. Our black-capped chickadees were likely responding to 493 availability of winter foods, similar to a few species in the Kampichler et al. (2014) study that 494 responded numerically to irruptive insect larvae. 495
Somewhat contrary to the results of Kirk et al. (2012) , our data suggested that old 496 growth pine did not support a particular resident or cavity-nesting community. Nevertheless, it 497 was clear from our results that large pine trees are an important resource for many species 498 both as foraging and nesting substrates. Unfortunately, in many areas of eastern Canada, these 499 trees were harvested without replacement decades ago (Thompson et al. 2006, Kirk et al. 
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